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(54) FREE CUTTING STEEL EXCELLENT IN CEMENTED CARBIDE TOOL LIFE 

(57)Abstract 

PROBLEM TO BE SOLVED: To facilitate the sticking and deposition of Belag inclusions to and on the edge of a 
cemented carbide tool used at the time of cutting and to improve tool life by specifying a composition and also 
controlling the size and amount of distribution of oxide multiple inclusions formed in the material, at the time of 
manufacturing a free-machining resuifurized steel by continuous casting. 

SOLUTION: This steel has a composition consisting of, by mass ratio, 0.01-0.2% C, 0.10-0.60% Si, 0.5-1.75% Mn, 
0.005-0.15% P, 0.15-0.40% S. 0.001-0.010% O. 0.005-0.03% Al. 0.003-0.03% N, and the balance Fe with inevitable 
impurities. Simultaneously, in the steel material of this composition, oxide multiple inclusions having a composition 
consisting of mMn0.nAI203.pSi02 or aMn0.bAI203 are contained together with MnS inclusions, and, among the 
inclusions, those having a composition consisting of 30-65% MnO. 0-30% AI203. and 35-60% Si02 and also having 
≥1μm width are dispersed by ≥5 pieces to 15mm2. 
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l*J v Si, Al SrSiOU i$»ffllt, Mn 

SS^tefei: i: fcjc, fflfflX:JKB#A«:fij±-$ 
S»<C, MnO;3 0-6 5%, A 1 2 03 ; 0~3 0 

%. S i Oz ; 3 5~6 o%frhtez>mi£m.i&<omt® 
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l ] igffiftst^ic J: 9»JS$tt5»BU«-e*> 
oT, Kfi%(CT, C ; 0. 0 1-0. 2%, S i ; 
0. 10 — 0. 60%. Mn ; 0. 5—1. 75%, 
P;0. 005 — 0. 15%, S;0. 15 — 0. 40 
%, O ; 0 . 0 0 1 — 0. 010%, Al ; 0. 005 

— 0 . 0 3%, N ; 0 . 0 0 3-0. 0 3%, £^^T 
L, »»3ft«F e^itr^aW^tt»^b<C9, MnS 
ftl&fo t t t>JC, mM n O • n A 1 2 03 • p S i O2 
&>£VMlaMnO • b A 1 2 Os fi*h ft 10 

nO ; 3 0-6 5%, A 1 2 Os ; 0-3 0%, S i O 
2 ; 3 5-6 0%*^IMt, a»ofi 1 m m«±£> 
£, 15mm 2 ^ffiIIC5i^_b^f5r<i:^fS^: 
-f 5, ttWXJUNM-«*ifcftfiWi. 

oT, j aa%{^T, C ; 0. 0 1-0. 2%, Si ; 

0. 10 — 0. 6 0%,. Mn ; 0. 5— 1 . 75%, 

P ; 0 . 0 0 5 — 0. 1 5%, S ; 0 . 15 — 0. 40 

%, O ; 0 . 0 0 1 — 0. 0 1 0 %, A 1 ; 0 . 0 0 5 20 

— 0 . 0 3%, N ; 0 . 0 0 3 — 0. 0 3%, ^r^^t 
ZtkhlZ. Pb, Bi, Te^ftd^^^H-i 
£Ub£, -&lt!;-C0. 0 5-0. 4%^*TU mU&F 

(C, mM n O • n A 1 2 O3 • p S i O2 £>£>IM3: a M 
nO - bAl2 O3 ti*bte*1&&<Dmito7kfe&1t'&m 
^r^L, tfmttolfcfc&'fr&fano'h. MnO; 3 0- 
6 5%, A l 2 O3 ; 0 — 3 0%, S i Oz ; 3 5 — 6 
0%ft5ffij5£-C, 75^0*1 1 /iin^±a)t)(D*, 15mm 

2 <Dm®ic5m&±^-rz>^tzftmt-tz>. »«x 30 
[0001] 

[0002] 

A I S I 1 1 X 1 2 X X 

^OBKfi'fcB'JftU *5«fct5l 1 L X X^ N 12LXX|^ 
«6lt«&ttfiiJ«lli. EE@&3l#&#*OXLfcB§«ig5}£ It 40 

13, 1#^Bg 59-19182-?-, <f#HPg 6 2 - 2 3 9 7 

0-?-, o#^«ft^tc^$*tSi§»K *i£«»lx^Kj; 
5ttB«t**fi#(c?-5fctf>. if^S i, Alft^'CD 

• t m <o tt ± tf s » * n <d mm & m ti x i> -5 0 

[0 0 0 3] rtuPj lixxl, 12 xxM 

fflXAUftfrfljgaiftfcJ:!^ L^fciSi£«Jfi»J»DX$ so 



[0 0 0 4] e«X*«cJ:S9Jfi«*DXtciDV^-C. ®8'J 
tt, *WcjBax*»A*sgEixfcftfii]«tt, gE«c#fS3£9i 

£0. 10-0. 60%<t, £V&<miXrtrZZklz£ 
[0 0 0 5] £fc, HtC, «fH^7 - 2 0 9 6 2 9^ 

-e, »«c*aojBwx*iij:5ffia«iBij*Dx^*5rt5« 

Btftt GBfllXJUWli) ^^^-r^fd^fc, T i SrSSaor 
[0 0 0 6] 

<fcU *fc<£ffl$tt5jB«XAfc#«^tL-CV^o £9 

jMfcfttcte, a«iiE»9jfiijffl(cwstts«rgaA i s 1 1 

ixx|, 1 2 x xaia>«ijttefiiJSl, 3s J:^ 1 1 L x x 
^, 1 2 L X X^OteHI&'RByfflli, iiflHOOm/ min.Jty, 
TO(6i£^0B«S*b* e LA»U*ifft?tt. £igt£ft±£ 
gfttd, je«X:flr«:JBV\ 100m/min.*r®^5iSai*-C 

»»n n n ft if # *B*0 U Ztib<0 f- tt«0 fiiJ.iD x^ 

[0007] rtuc^-LT, ttEtt«x*ffl^!a6*«i-e 

tt, IAf*^, »S'JtfcftSft#i:l±^;i-r\ ^*L«b#t£ 
(OJ:0ffixytftB"J«*sa*ix-CV>a o flRUMtrA 

K«*^««X*(cS*UTtt, X*fW&efc«»*tt:«i 

[0008] aaiAii, — j&wtc, wc c^^*^ 

h) , T i c (^-^^^-^-r h) , T a c 

C o i 4 if0^41?:ffll>t«JSt5 C (c 

^, Pl»HWWC-TiC- (TaC) -Co 

a*j8WX*tt»jRtt*3J:tr*t*»tt(c«ix. ^6^ftm 

ot^5. ^Ad, ®55XA<i: T i N^T i CN 

tf>5S«/£JRS:'M' ^ ft ifco*®fc®g LfciBBI = 

Mtlc^LT, i«lW««:ifii±S*5:i:li, 
?!i^ftt)Siift^M-CS>5c 
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[0 0 0 9] Sot, *SS9!IS, tireftXttff^nH^ 

[0 0 10] 

TNS, 1fc&iJggo{L^j£#£, It%Ct, C ; 0. 0 1 
— 0 . 2%, Si ;0. 10 — 0. 6 0 %, M n ; 0 . 
5 — 1. 7 5%. P ; 0. 00 5-0. 1 5% S ; 
0.15 — 0. 4 0%, O ; 0 . 001—0. 010 
%, Al ; 0. 0 0 5 — 0. 0 3%, N;0. 0 0 3 — 
0. 0 3%, £^*fU BIS^F e&XXfTWM&OTFm 
WlfrbteZmi&I&tL, SIC, (dt^ftftt, MnS 
fr&yoh t t>lC, mMn O • n A 1 2 03 • p S i O2 
fc^VMiaMnO • b A 1 2 Os 

MnO ; 3 0-6 5%, A 1 2 O3 ; 0-3 0%, 
S i O2 ; 3 5-6 0 %&£*!>£-?, a>otfI 1 M mJ£Jl_b 
<£><b<D£\ 1 5mm 2 0«Sffi{C 5 fi^±^ £-£5 0 
[0 0 11] mrlS#ffiO@^XA{c:T§]By-r5± 

l^#£>IS, ^Sfrf W^mMnO • n A 1 2 O 

3 • p S i O2 $><5lMSaMnO • b S i O2 ftSffiJ* 

jB9!XAo-r< v>B^^<7 — ^ (&fb«0 ilt#f 
L, jBffiX*O«0B'J*ifeSr*:ffl^ffil±$i*:5r.i:S:*PB 

j££i±<5fc#(ciS, «{CS i , A 1 SrjSJD-T^i: £ fc 

[0012] ««x*s>-r< v^u:, *%Hft{t:<ft£tt 
(«Mb«) t LT, xft^flsttK: 

XA<D«fiiJ*A«:*«Kfi±Sii:5o r^-^-^X 
*JJjfe«BJd#**ll«rsft#l4. «Jfi'JWpJcx*JDjfe»* 

[0 0 13] Lfc^oT, *«Wti. W"f"^^)tB3!ra*«H 
i*OBiWt5C a 4if»»Jtt*fiiJtt|6l±7c*S:« 

[0014] *tz. *mwx-n. &te%mmfa±<ntz 

«), JEJC, ttfiiJtt|S]±7C*T'fe5. Pb, Bi, Te<D 



£ t-®W±$r, ^ffS^O. 05-0. 

[0 0 15] 

Olg^SS&lco^Tt&^-f £ 0 CIS, SOfiiJSBiBi: IT* 
M^ISi*M 5 8 0N/nim 2 ^±$rt^t5 

is, 0. oi%a±^WMS-efc5o ta>u o. 

10 ■CHRC30«±i:S<49tl\ iAffASMSt 
<5 0 L^oT, C<O^glS0. 0 1—0. 2%<Dm 

[0016] S i IS, MKItttccMKftl* ItlW U 

MnO ; 3 0 — 6 5%, A 1 2 O3 ; 0 — 3 0 
%, S i O2 ; 3 5-6 0%4S»^M*^f$8 

*£38#-*-Sfc»(as. 0. l 0%«l^t«:Mi 
t5o L*»Lft*«&, 0. 6 0 TiS^fc^W"*- 
20 fll*lc:«J!«G>S i O2 *&co4h5E«jj&*#*f-*/* 

U Illft^*ft^5 Q Lfc^oT, S i 
(SO. 10-0. 6 0%OKi^f5 o 
[0 0 1 7] Mn IS, *Sg|«»3^ttfiiJtt<0«l*JCfti&^ 

IC, MnO ; 3 0 — 6 5%, A 1 2 Os •; 0 — 3 0 %, 

s i 02 ; 3 5-6 o%tez&m<omi&$:&irz>mkvo 

*t**ft*tr»*tt, *»W*©«WXJWc»i-6 
«fi«tt (ttRXJUWfr) Sr5fe*-r5^:«)tc^607c*-e 

5c ctte>o$a*sr5iai"r5fe^icis, o. 5o%»i 

^, ^-t^Hrt«U ffl«XJWM*<0j&<fc«:iB< £ 
ir(c/^5o Lfc^ot, Mn^tiliO. 50-1. 
7 5%cD®H<t-f £0 

[0 0 18] PIS, **M«IO«IfiiJtt±«'fffiS:efeS-i-S 

IS, 0. 0 0 5%y±^WStfc$ e L*>U 
0. 1 5%^ix.mt5^ ^7x7^ 
40 «< 4 9, 3HB!X***0^b«:«< wi(cftS 0 Lfc 
T^oT, PCO^^filSO. 0 0 5-0. 1 5%it6, 

[0 0 19] SIS, *55M«O«ffJtt<0»«F«C*fi^il 
4Mn Si±J«S^«SiJtt*ek*$*Sfc*^^^5c 

^r-foo, ^r^^^^s-r^yt^tcis, o. i5%» 

±C0^*^H-efo5c L?!i»U 0. 4 0%^gxtS 
S^<h-r5 0 Lfc^ot, SO^*T*IS0. 15-0. 

4 0%^n o 

[0 0 2 0] A 1 IS, Si ^Mn t t t>lC, Mn O ; 3 
50 0 — 6 5 %, A 1 2 Os ; 0 — 3 0 %, S i O2 ; 3 5 
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MIX, i6«XA^ttfflf£ (8«I^) 

Ip-TSfeft^tt. 0. 0 0 5%«±^f^S«!:t5 
-*-C0. 0 3%^iit^f5<l:, «*t£A 1 
2 03 ^SdcLTs aioT«BiJ1±(CSJK#Sr-^x.^o t 
fc^^T, AlCO^fittO. 0 0 5-0. 0 3%(Dfa 

[0 0 2 1 ] MnO; 3 0-6 5%, Al 

2 03 ; 0-3 0%, S iOz ; 3 5-6 0%^^^^ 

fflto&nmz&wzitztLftiz^ o. ooi%^jl±cd^ 
m&&mt'rZ)o La>u -*^o. oio%^t 

o. ooi-o. oio%<^isiit5o 

[0 0 2 2] NIS, ■gO^DXP#(D^J]5 , c(7)^l:{gT 

o. 0 0 3%^l^W^it^5o o. 0 3 

Uc^ot, NCD^SISO. 0 0 

3—0. o 3%(£>&B£-f 5c 

[0023] P b , B i , Tell *«W«^ttBiJttS: 

o. 4%^^T^t5^, mmmcmtirLx, m<o 

*:JBflsS*S. Ifc^ot, Pb, Bi, Teco 
*Sll75S*trt?0***tt:(>. 0 5-0. 4%(D&mt 

[0 0 2 4] *»M<0»<t«**-&^aE»JCOV^ 
-Cl^-f So *38W-Ctt. mM n O • n A 1 2 Os • p 
S i Oz fc6lM£aMnO • b S i O2 teZ>mj&<Dmt 
Vo'fcM^'fr&VQCD o'h, M n O ; 3 0 — 6 5 %, A 1 2 
O3 ;0-30%, S i O2 ; 3 5-6 0%W#Sffl 

15mm 2 (Ofi|C§tt5iHmt5:i: 

«X*o«BiJ*A4r*:WciRi±tf# 5 0 

[0 0 2 5] *»W^»<k«J*a^fiE»OjafiR 
fCOV^, (Kl 1 (C^fMnO-A 1 2 O3 - S i O2 <£> 

m.J$L<D%Lfc<D 0 *>, mMn O • n A l 2 O 3 • pSid 
2 fe5VMj:aMnO • b S i O2 * 5 fflfijc*? El 

t^t'fc5c Cft.fC*tLT, *»W<0MnO ; 3 0-6 



6 

5%, A 1 2 O3 ; 0 — 3 0%, S i O2 ; 3 5 — 6 0 
[0 0 2 6] «!*OBMt<»*«[^aE«3ft^ 9Jfitf^JC< 

**a«©»jfttt, XA2Jft»*lc«<frL-C*3 9. ^7 

10 n 3 0%7fc®£>5VM26 0%£jg*L<5, A 1 2 O3 
^3 0%^Si5, S i O2 #3 5%*fll*>5VMi6 0 

if, XA5Djfea««cii-frL4< *9 , Xft-T< v^fflifcX 

t(c<<^ot, jee!x^o«ifiijf?A 

[0 0 2 7] O^lC, *&9i<Dmt#)Jlk&&ft&90<OTto 

vttmm^^x, la 2d, *58wtc^w5K{t»*« 

^r^-To B2 (a) te, 39-^58% MnO - 57—40% S i 
20 02 -4- 2%Al2 O3 45Si-Mn*ttl (b) 
{±,17—18% MnO - 36-37% S i O2 - 42-44% A 1 
2 O3 4-5S i-Mn-Al*fijfi, (c) im&Ofc 
7 —13% MnO • 41—43% S i O2 • 0 — 17% A 
1 2 O3 • 12 — 49% MgO&5S i -Mn-A 1 -M g 
^f&<DmtW*m^lfriEMX3bZ> 0 #£5, SUK (mass 
%)I3, ja^WHlHB^^SlWtt-efcSEPMA (Elec 
tron Probe Micro Analyzer) lc£ ^ 40 Of&tcfe*: L 

[0 0 2 81.02 (a), (b) 

♦it, «s*x*»A«i±knis»-rs. »^t»»«[^a£ 

fetf>(Ba**:#^ UtvO «ifjesiXA#AliSl±«-*#-f 
T, wtiJ^'h;*^ ($fcv>) twiiasiAjfftlfiJJ:!: 

[0 0 2 9] £fc, #569! -CI*, m 1 iz mJL^JiOitulE^ 
^IM^Mftll^fetlOfit^ 1 5 mm 2 <£>®ffl 

(ft) ^/>^</^K) x x^i-< v>B(c-<7->/ < i: ItM 
#Ltc< <7iSf+**^«oT. ttJU. jB8IX*o«JBiJ 
»*|fil±a**««l< 

[0 0 3 0] *«§«(0»^^1S^a£4*SrB9ia»^ffl 

50 **o«Hi:-r5ftfe. illR«FiS«cj: 
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2 OS , Si02 &<D*£ ft«ft©*ft»*«»j*Six. 
MnS*^ftftta*i4oT, *B'lttS:»t5 B ^ 

iPiSS^v^co-e. A l z 03 . S i O2 *?<05£fCtf*£E 
[0 0 3 1 ] 

JtJCi 9BStLfc»Sr, 2 2mm (|)X3mCOt$i(;M 
ffi^L«^»<hUfc 0 *K .2lC*5^T. 1-1 11** 
^S^fe^K 1 2- 2 2l*J£&»-efc6 0 4*«2 0 

[0 0 3 2] C;ftbO#»CoV^ ^£ftS»ffc;«>3* 
U EPMACi^ 4 0 Of&{Cfc*cLfc^tf). *I<£>¥ 

i, 2 ic^t?-^r^-r 0 fc*^ jtti, 2 {^-tmtvoTb 

S^ftftOMlima s s%-efcS„ 
[0 0 3 3] Cixb-«5»*K:, SffllA (P l 

0) , mM^~^-( >yJlMr (T i N=»— t-sO?) \ 
WyMA, *3 «fc r/ir 7;y^ X A (A 1 2 O3 + 
T i C) ^I^T, $4(D^-e§]WJL/cP$^lA 



»«2 t-fo«:a*»ai«««ESrffV\ 150 

3 , 4 fC7^-r 0 

[0 0 3 4] £c 3 *><b#a»5il r> > *5IWffl«lt«ffl(C 

nmic&ziD^ M&mi 2«cfi^ia#-e*> | 9. 13 

lis it*'>4t?, v^*tfc*»M8Mb«**^fl£ 
•M*d>&< #o-CV^£:tf>-C#>*K 14 11 St^W 
<, MnS*Mft)5 J/ M<4ot^5fcft*efc5, * 

fc, *an«4, 5n ei3ro]«#*wi-s«*«ii 

5, 16fcitLT. ®5ilXA#^^flEtL-CV>-5 0 f£%09 
1 5 ttJ»*B-e*> 9 rt^p a pg^«EWS&] J: r> 4S V . 1 6 

<4otv>5fc«)-eS)5c JEK> *JBW«6-vi Hi, 

***rr5 «ii7-2 2it v^-fix 

6—1 1 «fc f?S5j!XA#^^SV> 0 
[0 0 3 5] 
[^1] 





{t ¥ # (ma ss9€) 






Na 


C 


Si 


ft 


P 


S 


At 


0 


N 






AhCh 


SiOz 


mi 


1 


0.08 


0.21 


1.09 


0.075 


0.320 


0.005 


0.0050 


0.0054 




55 


3 


40 


8 




2 


0.12 


0.20 


1.05 


0.070 


0.338 


0.006 


0.0038 


0.0072 




55 


5 


45 


15 




3 


0.O7 


0.19 


1.11 


0.077 


0.321 


0.019 


0.0045 


0.0060 




60 


2 


40 


18 




4 


0.1O 


0.20 


1.13 


0.073 


0.327 


0.010 


0.0055 


0.0071 




63 


3 


38 


U 




5 


0.08 


0.17 


1.08 


.0.075 


0.323 


0.009 


0.0042 


0.0063 




42 


5 


58 


11 




6 


0.09 


0.20 


1.11 


0.074 


0.325 


0.006 


0.0050 


0.0074 


Pb:0. 21 


65 


20 


40 


14 




7 


0.08 


0.20 


1.02 


0.080 


Q. 323 


0.009 


0. 0045 


0.0063 


Bi:0.12 


65 


25 


40 


7 


31 


8 


0.07 


0.21 


1.05 


0.086 


0.328 


0.012 


0. 0051 


0.0074 


7e:0. 05 


55 


15 


40 


13 




9 


0. 08 


0.22 


1.09 


0.072 


0. 319 


0.015 


0.0052 


0. 0081 


Pb:0.19.Bi:0.11 


60 


10 


40 


15 




10 


0.09 


0.22 


1.10 


a 075 


0.315 


0.007 


0.0046 


0. 0073 


Fb:0.15.Te:0.04 


50 


10 


50 


13 




11 


0.10 


0.23 


1.09 


0.085 


0. 317 


0.015 


0.0043 


0. 0085 


B!:0.12.Te:0.06 


55 


5 


48 


9 
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50 



V 



9 
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it ^ fife # (ma s s%) 






No 


C 


Si 


Hh 


P 


S 


Al 


0 


N 




WO 


AIiOj 


SiO, 




12 


0.24 


0.20 


1.08 


a 072 


0.315 


a 009 


0.0065 


0.0050 




25 


35 


80 


ii 




13 


0.09 


0.005 


1.07 


a 075 


0.330 


0.010 


0.0040 


a 0076 




80 


55 


25 


0 




14 


0.10 


0.22 


1.16 


0.074 


a 090 


0.013 


a 0052 


a 0063 




80 


75 


25 


14 




15 


0.08 


0.19 


1.17 


0.075 


a 326 


a 015 


0.0053 


0.0071 




85 


75 


25 


13 




16 


0.09 


0.16 


1.07 


0.084 


a 325 


0.001 


a 0050 


a 0054 




90 


80 


20 


2 




IT 


0.08 


0.22 


1.10 


0.071 


a 328 


0.009 


a 0054 


0.0055 


Pb:0.24 


100 


65 


0 


1 


tt 


18 


0.09 


0.19 


1.11 


0.074 


0.317 


0.012 


0.0051 


0.0061 


Bi :0. 11 


100 


70 


0 


2 


99 


19 


0.10 


0.22 


1.08 


0.085 


0.325 


0.011 


0.0049 


0.0079 


Te:0.04 


70 


70 


30 


2 




20 


0.11 


0.23 


1.10 


0.075 


0.327 


0.009 


0,0047 


0.0073 
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